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The germination of Citrullus /anatus seeds is inhibited by 
cyanide, azide and SHAM. Azide at a concentration of 0,5 
mmol dm - 3 is sufficient to inhibit germination completely. 
Although azide is more effective than cyanide to inhibit 
germination, both substances inhibit respiration of these 
seeds to the same extent. The inhibitory effect of cyanide 
is antagonized by certain SHAM concentrations. No 
antagonism between azide and SHAM was found . These 
results imply that germination of C. /anatus seeds is 
controlled by a balance between cyanide sensitive and 
SHAM sensitive respiration and that azide and cyanide have 
different sites of action in inhibiting germination. 
S. Afr. J. Bal. 1986, 52: 77 - 80 
Die kieming van Citrullus /anatus-sade word deur sianied, 
asied en SHAM gerem. Selfs by 'n konsentrasie van 0,5 
mmol dm -3 is asied doeltreffend om die kieming van 
hierdie sade volledig te rem. Alhoewel asied 'n doel-
treffender kiemingsremmer as sianied is, word suurstof-
opname tot dieselfde mate deur hierdie twee verbindings 
gerem. Die remmende invloed van sianied op die kieming 
van C. /anatus-sade word deur sekere SHAM-konsentrasies 
geantagoniseer. Geen antagonistiese werking tussen asied 
en SHAM is waargeneem nie. Hierdie resultate dui daarop 
dat kieming by hierdie spesie beheer word deur 'n balans 
tussen sianied- en SHAM-gevoelige respirasie en dat sianied 
en asied verskillende lokusse van werking waardeur 
saadkieming gerem word, het. 
S.-Afr. Tydskr. Planlk. 1986, 52: 77 - 80 
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Introduction 
The seeds of Citrullus lanatus (Thunb.) Matsumura & Nakai 
contain more than 550?o lipid and are typically negatively 
photoblastic (Botha et al. 1982). Very little is known about 
the exact nature of the respiratory metabolism during the 
germination of these seeds and of lipid rich seeds in general. 
The possibility that electron flow through the alternative 
oxidase may be involved in controlling seed germination has 
recently drawn much attention (Burguillo & Nicolas 1977; 
Yentur & Leopold 1976; Siedow & Girvin 1980). The results 
obtained by Yu et al. (1979) and Esashi et al. (1981), on the 
other hand, indicate that germination might be controlled by 
a balance in electron flow between the cytochrome electron 
transport chain and the SHAM (salicylhydroxamic acid) 
sensitive alternative oxidase. 
These deductions, however, should be viewed with caution 
because SHAM sensitivity is not necessarily an indication of 
alternative respiration since lipoxygenase activity is also 
sensitive to hydroxamic acid derivatives (Goldstein et al. 1981; 
Siedow & Girvin 1980). 
In preliminary studies we have been unable to detect 
lipoxygenase activity in Citrullus lanatus seeds during 
germination, i.e. prior and up to radicle emergence (un-
published). Therefore, these seeds offer suitable material to 
investigate the role or the alternative respiratory pathway in 
germination without confounding the effect of lipoxygenase. 
The present study is an initial investigation into the effect 
of cyanide, SHAM and azide on germination and respiration 
in order to obtain some information on the nature of 
respiratory metabolism during germination of C. lanatus. 
Materials and Methods 
Seeds were isolated from the fruits of Citrullus lanatus plants 
growing in the wild, dried and stored as described by Botha 
et al. (1982). 
Germination tests were conducted at 27°C in the dark in 
air-tight glass containers (Botha et al. 1982). The filter paper 
which lined the base of the bottles was moistened with 2,5 
cm3 of test solution. In all cases 30 seeds per replicate were 
used. 
All chemicals were obtained from the Sigma Chemical Co. 
and were dissolved in distilled water at the required 
concentrations. 
To determine the respiration of the seeds a polarographic 
technique was used. After different incubation times in the 
different media 15 seeds were transferred to the reaction vessel 
of a YSI polarograph fitted with a Clark oxygen electrode. 
The reaction vessel contained 4 cm3 of the same medium in 
78 
which seeds had been incubated previously. After determination 
of the oxygen uptake rate the seeds were removed and their 
dry mass determined. 
At least six replicates per treatment were used. Least 
significant differences (LSD) were calculated by using the 
Tukey procedure (Steel & Torrie 1980). 
Results and Discussion 
From the results in Figure 1 it is evident that KCN, NaN3 
and SHAM inhibit germination of Citrullus lanatus seeds at 
a concentration of 1 mmol dm - 3 (Figure 1 B). Cyanide is 
inhibitory at a concentration of 0,5 mmol dm - 3 over the first 
48 h but the inhibition is overcome after 96 h of incubation 
(Figure IA). Azide is just as efficient at a concentration of 
0,5 mmol dm - 3 as 1 mmol dm - 3 to inhibit germination 
(Figure IA & IB). Normally the inhibitory effect of cyanide 
as well as azide is ascribed to an inhibition of cytochrome 
oxidase (Hochster & Quastel 1963; Roberts & Smith 1977; 
Esashi et al. 1982) and cyanide is more effective than azide 
in this regard (Hochster & Quastel 1963). 
Although azide is much more effective than cyanide to 
inhibit the germination of C. lanatus seeds, both inhibitors 
inhibit oxygen uptake to the same extent over the first 30 h 
of incubation (Figure 2). Thereafter, azide inhibition is less 
than that of cyanide. This deviation occurs or coincides with 
radicle emergence in some of the seeds treated with cyanide. 
These results could imply that the site of inhibition for cyanide 
and azide in C. lanatus seeds differs. 
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Figure 1 The effect of KCN, NaN3 and SHAM at concentrations of 
0,5 mmol dm - 3 (A) and 1,0 mmol dm - 3 (B) on the germination of 
Citrullus lanatus seeds after 48 h (A1 ;B1) and 72 h (A2;B2) (LSD PO,05 
= 12,5), 
S.·Afr. Tydskr. Plantk., 1986, 52(1) 
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Figure 2 The effect of 1,0 mmol dm - 3 KCN and NaN3 on the 
respiration rate of Citrullus lanatus seeds at 27°C in the dark . 
Azide is very effective in inhibiting germination even late 
in the germination process. When the seeds are exposed to 
azide (1 mmol dm - 3) after 24 h of incubation in water, 
germination is completely inhibited (Table 1). It is also evident 
that exposure of the seeds to azide (1 mmol dm - 3) for 24 h 
is not lethal nor is a secondary dormancy induced as the seeds 
germinate well after subsequent transfer to water. 
The mode of the more effective inhibition of germination 
by azide than cyanide is unclear. At the enzyme level a number 
of metal containing enzymes are inhibited by these two ions 
in which cytochrome oxidase, catalase and peroxidase are 
implicated in germination (Bewley & Black 1982). Cyanide 
is a more effective inhibitor of cytochrome oxidase (Hochster 
& Quastel 1963) and peroxidase (Thomas et al. 1973) than 
azide, whereas the latter is a more effective inhibitor of 
catalase (Esashi et al. 1979; Keilin & Hartree 1945). 
Table 1 The effect of an azide application (1 ,0 mmol 
dm -~ at different times during incubation on the 
germination of Citrullus lanatus seeds at 2rC in the 
dark 
Pre-treatment at 
27°C in the darka 
24 h in water 
24 h in 1 mmol dm - 3 
azide 
24 h in water 
24 h in I mmol dm - 3 
azide 
Percentage germination in water after 
a total incubation time of: 
24 h 48 h 72h 
0 50 ± 8b 88 ± 6 
0 20 ± 10 68 ± 12 
Percentage germination in 1 mmol dm - 3 
azide after a total incubation time of: 
24 h 48 h 72h 
o o 2 ± 2 
o o o 
aDuring the pre-treatment seeds treated as in the germination test 
described. 
b ± Standard deviation. 
S. Afr. J. Bot., 1986,52(1) 
Should catalase be essential for germination of C. lanatus 
seeds, it will be contradictory to the hypothesis of Hendricks 
& Taylorson (1975) in which inhibition of catalase activity is 
proposed as a requirement for dormancy breaking. Subsequent 
work, however, has not substantiated this idea (Bewley 1979; 
Esashi et al. 1979). 
When C. lanatus seeds are exposed to 5 mmol dm - 3 
cyanide, germination is inhibited by more than 90070 (Figure 3). 
This inhibitory effect of cyanide is antagonized by the simul-
taneous application of SHAM. Especially in germination trials 
where 5 mmol dm - 3 cyanide and 0,5 mmol dm - 3 SHAM 
were used, the inhibitory effect of cyanide was alleviated 
(Figure 3). 
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Figure 3 The effect of cyanide and SHAM on the germination of 
Citrullus lanatus seeds after 48 h (A) and 96 h (B) at 27°C in the dark 
(LSD Po,os = 10,8). 
According to Chin & Lee (1980) the inhibitory effect of 
cyanide, azide and SHAM greatly depends on the pH of the 
incubation medium. The lowering of the pH always tends to 
increase the inhibitory effect while the opposite is attained by 
increasing the pH. It was found in the present study that 
addition of SHAM to cyanide solutions tended to lower the 
pH of the incubation medium (data not shown). Alleviation 
of the inhibitory effect of cyanide on the germination of 
C. lanatus seeds by SHAM can therefore not be ascribed to 
a pH effect. 
According to Yu et al. (1979) SHAM inhibits the germina-
tion of lettuce seeds and cyanide antagonizes this effect. In 
Xanthium pennsylvanicum seeds, azide and cyanide in a 
certain ratio with BHAM (benzohydrozamic acid) are more 
efficient to break dormancy than any of these substances alone 
(Esashi et al. 1981). These authors ascribe this phenomenon 
to the requirement of a balance in electron flow between the 
cyanide sensitive electron transport systems, for seed 
germination. 
Cyanide (5 mmol dm - 3) causes a large inhibition of oxygen 
uptake by C. lanatus seeds (Figure 4). When cyanide and 
SHAM (5 mmol dm - 3 and 0,5 mmol dm - 3 respectively) are 
used together in the incubation medium, no further significant 
decrease in oxygen uptake occurs. From these results it appears 
that C. lanatus seeds do not contain a large cyanide insensitive 
respiratory component and this is to some extent in agreement 
with previous results with this species (Botha et al. 1984). 
Nevertheless, this component although small, seems to play 
an important role in controlling seed germination. 
In contrast to cyanide, azide inhibition is not alleviated by 
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Figure 4 The effect of cyanide and SHAM on the respiration rate 
and germination of Citrullus lanatus seeds at 27°C in the dark . 
simultaneous application of SHAM (data not shown). This 
observation lends further support to the idea that azide and 
cyanide inhibition of germination is mediated through 
different mechanisms. 
From the results of the trials with cyanide and SHAM it 
is clear that in C. lanatus seeds a luxurious consumption of 
oxygen occurs during germination (Figure 4). The seeds are 
able to germinate even after the oxygen uptake has been 
lowered substantially. It appears fairly general that the actual 
germination process per se does not have a high oxygen 
requirement (Bewley & Black 1982). 
It would be of great interest to determine whether the 
antagonizing effect of SHAM on the cyanide inhibition of 
germination in C. lanatus seeds is due to a balance of electron 
flow through mitochondrial electron transport systems, as 
speculated by Esashi et al. (1981), in these seeds. The nature 
of the mitochondrial electron transport of C. lanatus seeds 
is currently under investigation. 
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